The experimental results of the paper titled "Delay compensation of tilt sensors based on mems accelerometer using data fusion technique" was commented by Bodnicki and Łuczak. In this note, we address the raised comments by the mentioned authors. Moreover, appropriate explanations are provided in order to make the procedure of the experimental section more clear.
I. INTRODUCTION
I N THE commented paper [2] , a new sensor fusion algorithm was developed based on the modified version of Kalman filter and complementary filter. During the experiment, some difficulties such as delay, low bandwidth and drift in the measurement of angle by used MEMS sensors were seen. The main contribution and innovation in [2] , was to introduce an efficient fusion algorithm in order to compensate deficiencies in angle measurements based on tilt sensor and gyroscope data. A test setup was constructed in order to evaluate the effectiveness of the proposed algorithm. It was shown that this algorithm can considerably decrease the estimation error in the angle estimation. It seems that the experimental procedure of the commented paper is not clear enough and it makes some ambiguity about the obtained results. The comments raised by the mentioned authors can be divided into two main categories. The first is about the details of the used mechanical setup and the procedure of conducting experiments. The second is regarding the relation between the test apparatus accuracy and tuning of the filters' parameters. In the following sections, complementary details and appropriate explanations are given in order to remove any ambiguity in the experimental procedure of the commented paper.
II. COMPLEMENTARY DETAILS ABOUT
THE TEST APPARATUS As seen in Fig. 1 in the commented paper, the test apparatus consists of a tilt sensor, a gyroscope, an encoder, a pendulum and a shaft which connects the pendulum to the encoder. There exists some inaccuracies in the data of the used sensors which has been reported in the Table I of the commented paper. In the first step, we should explain about an ambiguity which exists in the mechanical configuration of the test setup. In the first version of the test apparatus, we used a gearbox in order to connect the shaft of the setup to the encoder. Because of the backlash in the gearbox, some extra error was added for the measurement of the angle. Based on this and in order to reduce as much as possible the external sources of the measurement error, we removed the gearbox from the test apparatus. One of unclear issues is the way we gathered the data of the sensors based on which conducted our experiments. The experiment was not conducted by means of any electrical motor in order to move the pendulum. The pendulum was moved manually and during the movement, the data of all sensors were gathered by the designed processor board. The obtained data were filtered by the implemented sensor fusion algorithm and finally the raw and filtered data were sent to the computer for monitoring and recording purposes.
III. TUNING OF THE FILTERS' PARAMETERS
There exist three tuning parameters for the proposed sensor fusion algorithm. Two of them are related to the modified Kalman filter [3] , [4] (covariance of the system and measurement), and the third one is related to complementary filter [5] (cut off frequency of the designed filter). As mentioned, parameters of the modified Kalman filter are covariance of the system and measurement, which in the current application; they read covariance of the used gyroscope and tilt sensor, respectively. Therefore, we measured data of these two sensors based on which we tuned the modified Kalman filter parameters. As a result, we just measured raw data of these sensors without using encoder data for tuning of these parameters. Consequently, the mechanical accuracy of the constructed test setup does not need to be considered into account for this tuning. Bandwidth of the tilt sensor is needed in order to tune the parameter of the designed complementary filter. We asked the manufacturer of this sensor to give us the bandwidth of the used tilt sensor. Thereafter, just for confidence, we obtained frequency response of the tilt sensor by constructed test setup and realized that the obtained bandwidth is very close to that reported by the manufacturer. As we know, bandwidth is one of the most important features of each sensor, and mostly, it is reported in the datasheet of each sensor. Therefore, we can tune the parameter of the designed complementary filter independent of the test setup. Based on all mentioned facts, the tuning stage can be separated from the test setup and the tuning parameters may be only dependent on the used sensors specifications.
It should be also noted that the application of the proposed sensor fusion algorithm is not limited to only oscillatory motion and the algorithm is applicable to any movement just by considering mentioned limitation in the commented paper. Also, the proposed algorithm is not supposed to just use data of the tilt sensor (as mentioned above, it has inaccuracy), because we fused data of the gyroscope and the tilt sensor in order to achieve a better estimation with respect to each sensor estimation. Furthermore, the fact that the input data of the modified Kalman filter were affected by imperfections of the tilt sensor is not completely correct. Because, as it can be seen from Fig. 9 of the commented paper, before providing input to the modified Kalman filter, complementary filter has been used in order to compensate for the reliability problem of the tilt sensor.
IV. CONCLUSION
In this paper, complementary details about some unclear issues in the commented paper were presented. The major part of ambiguities was about the test apparatus configuration and the tuning of the filters' parameters. First, detailed information about all used mechanical components was provided. Furthermore, the way we conducted our experiments was further explained. Second, we revealed the complete procedure of tuning the filters' parameters. In addition, we have shown that the tuning stage is separated from the test setup. In fact, the tuning parameters only depend on used sensors specifications.
